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Description

TECHNICAL FIELD

[0001] The presentinvention relates to a thermally conductive sheet. More particularly, the invention relates to thermally
conductive sheets for use as a heat transfer material that can be interposed between heat-generating electronic com-
ponents and heat-dissipating members such as heat sinks.

BACKGROUND ART

[0002] Given current trends toward higher functionality, higher speeds, smaller sizes and higher integration, the tran-
sistors, diodes and other semiconductor devices that are used in electronic equipment such as converters and power
supplies have come to generate large amounts of heat themselves. The rise in temperature of the equipment due to
such heat triggers malfunctions and breakdowns. To address this problem, many heat-dissipating methods for suppress-
ing temperature rises by semiconductor devices during operation, and heat-dissipating members for use in such methods,
have been described.

[0003] For example, heat sinks that make use of aluminum, copper or other metal plates having a high thermal
conductivity are used to hold down the temperature rise by semiconductor devices during operation in electronic equip-
ment. Such a heat sink carries away the heat generated by the semiconductor device and discharges the heat from a
surface by utilizing the temperature difference with outside air. At the same time, the semiconductor device and the heat
sink must be electrically insulated from each other. A plastic film or the like is placed between the heat-generating
electronic component and the heat sink for this purpose. However, because plastic film has an exceedingly low thermal
conductivity, it greatly hinders heat transfer to the heat sink. Also, in cases where a semiconductor device such as a
transistor is fastened with screws to the heat sink, the screws must pass through the plastic film. Holes are formed in
the film for this purpose, but such holes can lead to tearing of the film, making it impossible to maintain the electrically
insulating properties. The inability to maintain electrically insulating properties is lethal to transistors and diodes.
[0004] To help prevent tearing and impart heat conductivity, thermally conductive sheets have been developed which
are made of glass cloth having a thermally conductive resin laminated thereon. One example is a thermally conductive
sheet composed of glass cloth on which has been laminated a silicone rubber filled with boron nitride powder and
spherical silica powder as thermally conductive fillers (Patent Document 1: JP-A H09-199880).

[0005] To ensure the electrically insulating properties of the thermally conductive sheet, multilayer structures have
been proposed wherein a film of good heat resistance, electrically insulating properties and mechanical strength that is
made of, for example, an aromatic polyimide, polyamide, polyamide-imide or polyethylene naphthalate is used as an
intermediate layer and silicone rubber layers of excellent heat conductivity and electrical properties filled with beryllium
oxide, aluminum oxide, aluminum hydroxide or the like are disposed as the outside layers. For example, Patent Document
2 (JP-B H02-24383) discloses a thermally conductive electrically insulating member comprising a laminate which is
composed of at least three layers, including an intermediate layer that is a polyimide (amide) film filled with a quantity
of aluminum oxide or the like and a pair of outer layers disposed on either side of the intermediate layer that are silicone
rubber layers filled with a quantity of aluminum oxide or the like.

[0006] There are a number of drawbacks with these thermally conductive electrically insulating members having a
multilayer structure. Namely, adhesion between the outer silicone rubber layers and the film of aromatic polyimide or
the like serving as the intermediate layer is unstable, and so laminar separation tends to arise over time, resulting in a
poor durability. One solution that has been proposed is a thermally conductive silicone rubber composite sheet (Patent
Document 3: JP-A 2004-122664) characterized by including a laminate structure having, as outer layers, silicone rubber
layers obtained by curing a composition that includes a silicon compound-based adhesion-imparting agent having at
least one type of functional group selected from among epoxy, alkoxy and vinyl groups and the group of the formula Si-H.
[0007] Methods for producing these thermally conductive sheets include pressing and continuous forming. In order to
carry out pressing, it is necessary to prepare a sheet of an appropriate size and to use an apparatus such as a pressing
machine. This results in batch production, and so the completed thermally conductive sheet cannot be taken up into a
roll. Such an operation is highly inefficient from the standpoint of productivity and yield. Moreover, the sheet stock size
is subject to limitations, which in turn limits the sheet size when carrying out device packaging.

[0008] An example of a continuous forming process is coating. For instance, in the case of glass cloth, a thermally
conductive sheet can be continuously produced by sealing the glass cloth with a thermally conductive silicone resin and
then using a coating process to form a thermally conductive silicone rubber layer on the sealed glass cloth. In the case
of synthetic resin film, a thermally conductive sheet can be continuously produced by using a coating process to form
a thermally conductive silicone rubber layer on one or both sides of the synthetic resin film. In such a coating operation,
the completed sheet can be continuously taken up, making production highly efficient. Also, even though the width of
the sheet in the transverse direction is limited by the size of the coating machine, because there are no limitations on
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the sheetlength in the machine direction, the degree of freedom in the size of the sheet during device packaging increases
greatly compared with pressing. However, compared with pressing, a coating operation gives a poor surface precision,
resulting in increased contact thermal resistance. Also, because pressure is not applied, an increase in the density of
the silicone rubber layer is difficult to achieve. Hence, coating is unsuitable as a method for producing a sheet having a
high thermal conductivity.

[0009] One way to achieve a good surface precision even with a coating process is the method of using a spherical
thermally conductive filler to improve the flowability of the thermally conductive silicone resin. However, the grades of
spherical thermally conductive fillers are limited and there are problems with each grade. For example, spherical alumina
is relatively inexpensive, but because it has a high hardness, abrasion of the mixing tank arises during compounding,
making maintenance of the production facilities more difficult and lowering the electrical insulating properties of the
product. Agglomerated spherical powders such as aluminum nitride and boron nitride also exist, but these are very
expensive, increasing the production costs of the thermally conductive sheet.

[0010] As for non-spherical thermally conductive fillers such as aluminum hydroxide which have relatively low material
costs and possess electrical insulating properties, a drawback is that, because they have a large specific surface area
and the amount in which such fillers can be loaded into silicone resin is limited, the thermal conductivity is low. Also,
given that such fillers have a poor flowability, good surface precision is not obtained by coating and the contact thermal
resistance worsens.

[0011] In addition, in thermally conductive sheets that employ a film of good heat resistance, electrical insulating
properties and mechanical strength as the intermediate layer, when a thermally conductive filler having a large specific
surface area is used, the adhesion-imparting agent adsorbs to the thermally conductive filler. This detaches over time
and reacts with the silicone rubber, giving rise to embrittlement.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0012]
Patent Document 1: JP-A H09-199880
Patent Document 2: JP-B H02-24383
Patent Document 3: JP-A 2004-122664

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0013] It is therefore an object of this invention to provide a thermally conductive sheet which uses an inexpensive
non-spherical thermally conductive filler, can be continuously produced by a coating process and taken up into a roll,
and uses an aromatic polyimide or other synthetic resin film of good heat resistance, electrical insulating properties and
mechanical strength, which thermally conductive sheet moreover has a high heat conductivity, a low contact thermal
resistance, high electrical insulating properties and a strong interlaminar adhesion, and furthermore does not give rise
to embrittlement during use.

SOLUTION TO THE PROBLEM

[0014] The inventors have conducted extensive investigations in order to achieve this object. As a result, they have
discovered that, in a thermally conductive sheet composed of an aromatic polyimide or other synthetic resin film layer
of good heat resistance, electrical insulating properties and mechanical strength to one or both sides of which is laminated
a cured layer of a thermally conductive silicone composition, by having the thermally conductive silicone composition
include specific amounts of an adhesion-imparting agent-containing organosilicon compound component and a non-
spherical thermally conductive filler having a specific DOP oil absorption, a thermally conductive sheet which is endowed
with high heat conductivity, high electrical insulating properties and strong interlaminar adhesion and moreover does
not give rise to embrittlement during use can be produced by continuous forming.

[0015] Accordingly, the invention provides the following thermally conductive sheet.

[1] A thermally conductive sheet having an electrically insulating synthetic resin film layer and, on one or both sides
of the synthetic resin film layer, a cured layer of a thermally conductive silicone composition, wherein the thermally
conductive silicone composition includes an adhesion-imparting agent-containing organosilicon compound compo-
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nent and a non-spherical thermally conductive filler, the thermally conductive filler being included in an amount of
from 250 to 600 parts by weight per 100 parts by weight of the organosilicon compound component and having a
DOP oil absorption of 80 mL/100 g or less.

[2] The thermally conductive sheet of [1], wherein the synthetic resin used in the synthetic resin film layer has a
melting point of at least 100°C.

[3] The thermally conductive sheet of [1] or [2], wherein the synthetic resin used in the synthetic resin film layer is
an aromatic polyimide, a polyamide, a polyamide-imide, a polyester, a polyolefin, an aromatic polyether, a fluor-
opolymer, or a combination of two or more thereof.

[4] The thermally conductive sheet ofany of [1]to [3], wherein the adhesion-imparting agent in the thermally conductive
silicone composition is a silicon compound-based adhesion-imparting agent having an epoxy group and/or an alkoxy
group, and also having at least one group selected from a vinyl group and a group of the formula Si-H.

[5] The thermally conductive sheet of [4], wherein the adhesion-imparting agent is selected from silicon compounds
of the following formulas.

[Chem. 1]

7\
HLC O O H
NS N\
/S|\ S
Si
© /N

[Chem. 2]

CH, CHs CH;
(CH3),SiO / %io\ / %i@\ /%io \ Si(CHa)s
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[Chem. 3]

H
\S,/CH;;
3l
PAIRN _
H3C\ O O (CHz)ZSI(OCH3)3

!
0" “CHj

[Chem. 4]

H\Si CHs

HaC ,o’f o (CH,),Si(OCH3)5
AN N/

Si Si

HQCCM/CHCHZO(CHz)?,/ \o f;)/ \CH3

Si
o /N

[Chem. 5]
(CHy)3Si(OCH3);

0] N 0]
N N

I
O

[6] The thermally conductive sheet of any of [1] to [5], wherein the non-spherical thermally conductive filler in the
thermally conductive silicone composition is aluminum hydroxide powder.
[7] The thermally conductive sheet of [6], wherein the aluminum hydroxide powder includes:

(1) from 100 to 500 parts by weight of an aluminum hydroxide powder having an average particle size of from
5to 14 wm and a DOP oil absorption of 50 mL/100 g or less, and

(2) from 50 to 400 parts by weight of an aluminum hydroxide powder having an average particle size of from
0.5 to 3 um and a DOP oil absorption of 80 mL/100 g or less; with (1) accounting for at least 40 wt% of the
overall amount of non-spherical thermally conductive filler.
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[8] The thermally conductive sheet of any of [1] to [7], wherein the non-spherical thermally conductive filler in the
thermally conductive silicone composition has an amount of particles at least 45 um in size of from 0 to 0.5 wt%
and an amount of particles at least 75 um in size of from 0 to 0.01 wt%.

[9] The thermally conductive sheet of any of [1] to [8], wherein the organosilicon compound component in the
thermally conductive silicone composition includes:

(A) an organopolysiloxane of average compositional formula (1) below
R8I0 4.a)2 (1

(wherein each R is independently a substituted or unsubstituted monovalent hydrocarbon group of 1 to 10
carbon atoms, and the subscript 'a’ is from 1.90 to 2.05) which has at least two silicon-bonded alkenyl groups
per molecule.

[10] The thermally conductive sheet of [9], wherein the organosilicon compound component in the thermally con-
ductive silicone composition further includes (E) from 0.01 to 30 wt%, based on the total amount of the organosilicon
compound component in the thermally conductive silicone composition, of one or more selected from:

(E1) alkoxysilanes of general formula (2) below
R2bRscSi(OR4)4-b-c (2)

(wherein each R2is independently an alkyl group of 6 to 15 carbon atoms, each R3 isindependently a substituted
or unsubstituted monovalent hydrocarbon group of 1 to 12 carbon atoms, each R# is independently an alkyl
group of 1 to 6 carbon atoms, b is an integer from 1 to 3, cis 0, 1 or 2, and the sum b+c is from 1 to 3), and
(E2) dimethylpolysiloxanes of general formula (3) below

[Chem. 6]

CH,
HiC ?io Si(OR%), (3)
CHs /4

(wherein each RS is independently an alkyl group of 1 to 6 carbon atoms, and d is an integer from 5 to 100) that
are capped at one end with a trialkoxysilyl group.

[11] The thermally conductive sheet of [9] or [10], wherein the thermally conductive silicone composition further
includes, as (C) a curing agent:

(C-la) an organohydrogenpolysiloxane in an amount such that the total amount of silicon-bonded hydrogen
atoms in the thermally conductive silicone composition per mole of the total amount of alkenyl groups in the
thermally conductive silicone composition falls in the range of 0.8 to 10 moles; and

(C-Ib) a platinum catalyst in an amount such that the level of platinum metal in the platinum catalyst with respect
to component (A), expressed in weight units, is from 0.1 to 2,000 ppm.

[12] The thermally conductive sheet of [9] or [10], wherein the thermally conductive silicone composition further
includes, as (C) a curing agent:

(C-2) from 0.5 to 30 parts by weight of an organic peroxide per 100 parts by weight of the total amount of vinyl group-
containing compounds in the thermally conductive silicone composition.

[13] The thermally conductive sheet of any of [1] to [12], wherein the electrically insulating synthetic resin film layer
has a thickness of from 5 to 90 um, the cured layer of the thermally conductive silicone composition has a thickness
of from 40 to 400 uwm, and the overall thermally conductive sheet has a thickness of from 55 to 500 pm.

[14] The thermally conductive sheet of any of [1] to [13], wherein the thermally conductive silicone composition,
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when cured, has a thermal conductivity of at least 1.2 W/m-K.
[15] The thermally conductive sheet of any of [1] to [14] which has a dielectric breakdown voltage in air, as measured

according to JIS K6249, of at least 2 kV.

ADVANTAGEOUS EFFECTS OF THE INVENTION

[0016] The thermally conductive sheet of the invention can be continuously produced by coating and taken up into a
roll. Moreover, it not only has a cured layer of a thermally conductive silicone composition having a good heat conductivity
owing to the inclusion of a thermally conductive filler, but also has a synthetic resin film layer of aromatic polyimide or
the like endowed with excellent electrical insulating properties and mechanical strength, and therefore, owing to the
reinforcing effects thereof, possesses sufficient strength and flexibility. In view of these points, the thermally conductive
sheet of the invention is suitable as an electrically insulative heat dissipating member interposed between a heat-
generating electronic or electrical component and a heat sink. Moreover, because the cured layer of thermally conductive
silicone composition includes an adhesion-imparting agent, the cured layer of thermally conductive silicone composition
and the synthetic resin film layer can be made to strongly adhere to one another. In addition, because a thermally
conductive filler having a low DOP oil absorption is used, embrittlement of the sheet over time due to the adhesion-
imparting agent does not arise. For this reason, the thermally conductive sheet of the invention also has an excellent
durability.

DESCRIPTION OF EMBODIMENTS

[0017] The thermally conductive sheet of the invention has a cured layer of a thermally conductive silicone composition
on one or both sides of an electrically insulating synthetic resin film layer. In this invention, when the thermally conductive
sheet has a cured layer of thermally conductive silicone composition on both sides of the electrically insulating synthetic
resin film layer, the synthetic resin film layer is referred to as the "intermediate layer."

Synthetic Resin Film Layer

[0018] The electrically insulating synthetic resin film layer used in the invention is not particularly limited, provided it
is a synthetic resin film layer which has excellent electrically insulating properties, is flexible and has a high mechanical
strength. Any such synthetic resin film layer that is known may be used. Examples of the synthetic resin include aromatic
polyimides, polyamides, polyamide-imides, polyesters such as polyethylene terephthalate and polyethylene naphthalate,
polyolefins, aromatic polyethers, and fluoropolymers such as polytetrafluoroethylene (PTFE) and tetrafluoroethylene-
perfluoroalkyl vinyl ether copolymers. Use can also be made of films obtained from synthetic resins in which a thermally
conductive powder has been dispersed and blended, and thermally conductive synthetic resin films in which the heat
conductivity has been enhanced by increasing the crystallinity of the synthetic resin. Synthetic resins of increased
crystallinity in which the above thermally conductive powder has been dispersed may also be used. In addition, two or
more of these may be combined to form the synthetic resin film layer.

[0019] It is desirable for the synthetic resin used in the synthetic resin film layer to have a melting point of at least
100°C, preferably at least 150°C, more preferably at least 200°C, and even more preferably at least 250°C, because
the heat resistance will then be excellent and neither a decline in mechanical strength nor deformation under heat will
be likely to occur. Preferred examples of such synthetic resin film layers include, as heat-resistant films having a melting
point of 250°C or more, the aromatic polyimide films available under the trade name Kapton® from DuPont-Toray Co.,
Ltd.).

[0020] When the aforementioned fluoropolymers are used as the synthetic resin, in order to enhance adhesion, it is
preferable to chemically etch the surface of the resulting synthetic resin film using a metallic Na/naphthalene-based
treatment liquid.

[0021] The thickness of the synthetic resin film layer may be set according to the manner and purpose of use for the
thermally conductive sheet of the invention and is not particularly limited, although it is preferably set in the range of
about 5 to 90 wm, more preferably about 10 to 75 um, and even more preferably about 10 to 40 um. When the thickness
is too large, this may impair the heat conductivity of the thermally conductive sheet of the invention. Conversely, when
it is too small, the sheet may fail to exhibit the required strength or the electrically insulating performance may be
inadequate.

[0022] The synthetic resin film layer used in this invention is preferably a synthetic resin film layer without holes that
lower the electrically insulating properties.
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Cured Layer of Thermally Conductive Silicone Composition

[0023] The thermally conductive silicone composition used in the invention includes an adhesion-imparting agent-
containing organosilicon compound component and a non-spherical thermally conductive filler, the amount of the ther-
mally conductive filler being from 250 to 600 parts by weight per 100 parts by weight of the organosilicon compound
component and the thermally conductive filler having a DOP oil absorption of 80 mL/100 g or less.

[0024] The thermally conductive silicone composition is not particularly limited, provided that it includes specific
amounts of an adhesion-imparting agent-containing organosilicon compound component and a non-spherical thermally
conductive filler having a specific DOP oil absorption, although itis preferably one thatincludes the following components
(A) to (D) and more preferably includes also components (E) and (F):

(A) an organopolysiloxane of average composition formula (1) below
R1.8i04-a2 (1)

(wherein R is a substituted or unsubstituted monovalent hydrocarbon group of 1 to 10 carbon atoms, and the
subscript ‘a’ is from 1.90 to 2.05) which has at least two silicon-bonded alkenyl groups per molecule,

(B) an adhesion-imparting agent,

(C) a curing agent, and

(D) a non-spherical thermally conductive filler,

and optionally

(E) one or more selected from (E1) and (E2) below:

(E1) alkoxysilanes of general formula (2) below

RZbR3cSi(OR4)4-b-c (2)
(wherein each R2is independently an alkyl group of 6 to 15 carbon atoms, each R3 isindependently a substituted
or unsubstituted monovalent hydrocarbon group of 1 to 12 carbon atoms, each R# is independently an alkyl

group of 1 to 6 carbon atoms, b is an integer from 1 to 3, cis 0, 1 or 2, and the sum b+c is from 1 to 3), and
(E2) dimethylpolysiloxanes of general formula (3) below

[Chem. 7]

i
H,C——Si0O——Si(OR%);  (3)
CHs /g

(wherein each RS is independently an alkyl group of 1 to 6 carbon atoms, and d is an integer from 5 to 100) that
are capped at one end with a trialkoxysilyl group; and

(F) a plasticizer.

[0025] Component (A) used in the thermally conductive silicone composition according to the invention is an organ-
opolysiloxane of average composition formula (1) below

R8I0 4.a)2 (1)

(wherein R is a substituted or unsubstituted monovalent hydrocarbon group of 1 to 10 carbon atoms, preferably from
1 to 8 carbon atoms, and the subscript 'a’ is from 1.90 to 2.05) which has at least two silicon-bonded alkenyl groups per
molecule, and serves as the base polymer of the thermally conductive silicone composition.

[0026] Informula (1), R!is exemplified by alkyl groups such as methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl and decyl groups; cycloalkyl groups such as cyclopentyl and cyclohexyl groups; aryl groups such as phenyl, tolyl,
xylyl and naphthyl groups; aralkyl groups such as benzyl, phenethyl and 3-phenylpropyl groups; halogen-substituted
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alkyl groups such as 3,3,3-trifluoropropyl and 3-chloropropyl groups; and alkenyl groups such as vinyl, allyl, butenyl,
pentenyl and hexenyl groups. R does not include epoxy-substituted groups and alkoxy-substituted groups.

[0027] Component (A) may be in the form of an oil or a gum.

[0028] Component (A) has an average degree of polymerization of preferably from 20 to 12,000, and more preferably
from 50 to 10,000. In this invention, the average degree of polymerization can be determined as a polystyrene-equivalent
value in gel permeation chromatography (GPC) using, for example, toluene or tetrahydrofuran (THF) as the developing
solvent. The average degree of polymerization is typically determined as, for example, the number-average degree of
polymerization (the same applies below).

[0029] Component (A) is an ingredient which is cured by an addition reaction or with a peroxide. It has at least two,
preferably at least three, silicon-bonded alkenyl groups per molecule. The amount of alkenyl groups is preferably from
0.0002 to 0.5 mol/100 g. At a silicon-bonded alkenyl group content smaller than this range, when curing is carried out
by an addition reaction, the resulting composition does not fully cure.

[0030] The alkenyl groups are preferably vinyl groups. The alkenyl groups may be bonded to either silicon atoms at
the ends of the molecular chain or to silicon atoms other than at the ends of the molecular chain. It is preferable for at
least one alkenyl group to be bonded to a silicon atom at an end of the molecular chain.

[0031] Specific examples of component (A) in cases where curing is carried out by an addition reaction include
dimethylsiloxane-methylvinylsiloxane copolymers capped at both ends of the molecular chain with trimethylsiloxy groups,
methylvinylpolysiloxanes capped at both ends of the molecular chain with trimethylsiloxy groups,
dimethylsiloxane-methylvinylsiloxane-methylphenylsiloxane copolymers capped at both ends of the molecular chain
with trimethylsiloxy groups,

dimethylpolysiloxanes capped at both ends of the molecular chain with dimethylvinylsiloxy groups,
methylvinylpolysiloxanes capped at both ends of the molecular chain with dimethylvinylsiloxy groups,
dimethylsiloxane-methylvinylsiloxane copolymers capped at both ends of the molecular chain with dimethylvinylsiloxy
groups,

dimethylsiloxane-methylvinylsiloxane-methylphenylsiloxane copolymers capped at both ends of the molecular chain
with dimethylvinylsiloxy groups, and

dimethylpolysiloxanes capped at both ends of the molecular chain with trivinylsiloxy groups. These may be used singly
or two or more may be used in combination.

[0032] Specific examples of component (A) in cases where curing is carried out using a peroxide include dimethyl-
polysiloxanes capped at both ends of the molecular chain with dimethylvinylsiloxy groups, dimethylpolysiloxanes capped
at both ends of the molecular chain with methylphenylvinylsiloxy groups, dimethylsiloxane-methylphenylsiloxane copol-
ymers capped at both ends of the molecular chain with dimethylvinylsiloxy groups, dimethylsiloxane-methylvinylsiloxane
copolymers capped at both ends of the molecular chain with dimethylvinylsiloxy groups, dimethylsiloxane-methylvinyl-
siloxane copolymers capped at both ends of the molecular chain with trimethylsiloxy groups, methyl(3,3,3-trifluoropro-
pyl)polysiloxanes capped at both ends of the molecular chain with dimethylvinylsiloxy groups, dimethylsiloxane-meth-
ylvinylsiloxane copolymers capped at both ends of the molecular chain with silanol groups, and dimethylsiloxane-meth-
ylvinylsiloxane-methylphenylsiloxane copolymers capped at both ends of the molecular chain with silanol groups. These
may be used singly or two or more may be used in combination.

[0033] Component (A) is preferably included within a range of 50 to 95 wt%, especially 60 to 90 wt%, of the total
amount of organosilicon compound ingredients included in the thermally conductive silicone composition.

[0034] An adhesion-imparting agent (B) is included in the thermally conductive silicone composition according to the
invention. By including the adhesion-imparting agent in the thermally conductive silicone composition, the synthetic resin
film layer and the cured layer of thermally conductive silicon composition exhibit strong adhesion to one another, and
thus can be rendered into a product that does not exhibit laminar separation and has excellent durability over time. Also,
the step of carrying out primer treatment for the purpose of increasing adhesion with the synthetic resin film layer can
be omitted, enabling the thermally conductive sheet production process to be simplified. Moreover, the lack of a primer
layer makes it possible to obtain a thermally conductive sheet that does not have reduced heat conductivity.

[0035] This adhesion-imparting agent is preferably a silicon compound having an epoxy group and/or an alkoxy group,
and also having at least one group selected from a vinyl group and a group of the formula Si-H.

[0036] In cases where the curing agent included in the thermally conductive silicone composition is a hydrosilylation
curing agent, the silicon compound serving as the adhesion-imparting agent more preferably has an epoxy group, an
alkoxy group or both of these, and also a vinyl group, a group of the formula Si-H or both of these; and still more preferably
has an epoxy group, an alkoxy group or both of these, and also a group of the formula Si-H. When a silicon compound
having a group of the formula Si-H is used as the adhesion-imparting agent, it can also act as the organohydrogen-
polysiloxane which serves as the subsequently described curing agent (C).

[0037] In another preferred embodiment, in cases where the curing agent included in the thermally conductive silicone
composition is an organic peroxide curing agent, the silicon compound serving as the adhesion-imparting agent more
preferably has an epoxy group, an alkoxy group or both of these, and also a vinyl group, a group of the formula Si-H or
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both of these.
[0038] Specific examples of silicon compounds having such a group include, but are not limited to, those mentioned
below.

[Chem. 8]

HZC———CHCHZO(CHE)a/ \O /O \CH3
\o/ Si\

[Chem. 9]

CH3 C|:H3 CH3

(CH3)3SiO \3&0 / \?;o s‘o Si(CHa3)3
2 CH3/ (CHZ)SOCHZCH CH, /
N\ /

O

[Chem. 10]

Hg,C\ /f O /(CHZ)ZSi(OCH3)3
O/ \ CH,

50
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[Chem. 11]

H\gi CHs
He. o DO, (CHy),SIOCHY)
3 \\ / 2/2 3/3

s \8'/
i i
7N\ O/ N c

H,C—CHCH,0(CHy)3 0 s
\O/ \Si
/. N\
HsC H
[Chem. 12]
((l;H2)3Si(OCH3)3
O M A0
[
N N
_ 7NN
H,C=HCH,C G \(CHz)ssi(OCH3)3

I
O

[0039] The adhesion-imparting agent may be of one type used alone or two or more may be used in combination.
[0040] The adhesion-imparting agent (B) content may be set to generally from 0.1 to 20 wt%, and preferably from 0.5
to 15 wt%, of the total amount of organosilicon compound component included in the thermally conductive silicone
composition. When this content is too small, an adhesion-imparting effect may not be exhibited; when it is too large,
problems that may arise include a loss of mechanical properties and embrittlement due to hardening over time.

[0041] Component (C) is a curing agent. In cases where curing of the thermally conductive silicone composition is
carried out via an addition reaction, an organohydrogenpolysiloxane is used as the curing agent (C) and the reaction is
carried out in the presence of a platinum catalyst. In cases where curing is carried out with a peroxide, an organic
peroxide is used as the curing agent (C).

[0042] Here, in cases where the thermally conductive silicone composition is cured via an addition reaction (hydros-
ilylation reaction), the curing agent thatis included is one consisting of an organohydrogenpolysiloxane having an average
of at least 2, especially from 2 to 30, silicon-bonded hydrogen atoms per molecule and a platinum catalyst.

[0043] Silicon-bonded groups other than hydrogen atoms in this organohydrogenpolysiloxane are exemplified by
monovalent hydrocarbon groups of 1 to 10, preferably 1 to 8, carbon atoms that contain no aliphatic unsaturated bonds.
Specific examples include linear alkyl groups such as methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl and octyl groups;
branched alkyl groups such as isopropyl, isobutyl, sec-butyl and tert-butyl groups; cyclic alkyl groups such as cyclopentyl
and cyclohexyl groups; aryl groups such as the phenyl group; aralkyl groups such as benzyl and phenethyl groups; and
halogenated alkyl groups such as 3,3,3-trifluoropropyl and 3-chloropropyl groups. Alkyl groups and aryl groups are
preferred, with methyl and phenyl groups being especially preferred.

[0044] This organohydrogenpolysiloxane has a viscosity at 25°C which, although not limited, is preferably in the range
of 5 to 300 mm?2/s, and more preferably in the range of 10 to 200 mm2/s. The molecular structure of this organohydro-
genpolysiloxane is exemplified by, but not limited to, linear structures, branched structures, linear structures with some
branching, cyclic structures and dendritic structures. The organohydrogenpolysiloxane may be, for example, homopol-
ymers having these molecular structures, copolymers made up of these molecular structures, or a mixture thereof.
[0045] Examples of such organohydrogenpolysiloxanes include dimethylpolysiloxanes capped at both ends of the
molecular chain with dimethylhydrogensiloxy groups, dimethylsiloxane-methylhydrogensiloxane copolymers capped at
both ends of the molecular chain with trimethylsiloxy groups, dimethylsiloxane-methylhydrogensiloxane copolymers
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capped at both ends of the molecular chain with dimethylhydrogensiloxy groups, organosiloxane copolymers consisting
of siloxane units of the formula (CH3)3SiO 4, siloxane units of the formula (CH3),HSiO,,, and siloxane units of the
formula SiO,4y, and mixtures of two or more thereof.

[0046] In this composition, the content of this organohydrogenpolysiloxane is the amount required to cure the com-
position. Specifically, the content is such that the amount of silicon-bonded hydrogen atoms in this component or, in
cases where the above adhesion-imparting agent (B) includes Si-H groups, the combined amount of Si-H groups in this
component and component (B), per mole of silicon-bonded alkenyl groups in component (A) or, in cases where the
above adhesion-imparting agent (B) includes vinyl groups, per mole of the combined amount of alkenyl groups in com-
ponents (A) and (B), is preferably in the range of 0.8 to 10 moles, more preferably in the range of 1 to 8 moles, and most
preferably in the range of 1.2 to 5 moles. When the content of this component is an amount below the lower limit of this
range, curing is inadequate, as a result of which a sufficient sheet strength may not be obtained or oil bleeding may be
promoted. When the content exceeds the upper limit of this range, the sheet may become brittle or foaming may occur.
[0047] The platinum catalyst is a catalyst for promoting curing of this composition. lllustrative examples include chlo-
roplatinic acid, alcohol solutions of chloroplatinic acid, olefin complexes of platinum, alkenyl siloxane complexes of
platinum, and carbonyl complexes of platinum.

[0048] In this composition, the content of the platinum catalyst is the amount required to cure the composition. Spe-
cifically, it is desirable for the catalyst content to be such that the amount of platinum metal in this component, in weight
units relative to component (A), is preferably from 0.1 to 2,000 ppm, and more preferably from 10 to 1,000 ppm. At a
content of this component below the lower limit of this range, curing is inadequate, as a result of which a sufficient sheet
strength may not be obtained or oil bleeding may be promoted. At a content in excess of the upper limit of this range,
the sheet may become brittle or foaming may arise.

[0049] In cases where the composition cures via a free radical reaction, the curing agent is an organic peroxide.
Examples of the organic peroxide include benzoyl peroxide, di(p-methylbenzoyl) peroxide, di(o-methylbenzoyl) peroxide,
dicumyl peroxide, 2,5-dimethyl-2,5-bis(tert-butylperoxy)hexane, di-tert-butyl peroxide and tert-butyl peroxybenzoate.
[0050] The content of this organic peroxide is the amount required to cure the composition. Specifically, the content
is preferably from 0.5 to 30 parts by weight, and more preferably from 1 to 20 parts by weight, per 100 parts by weight
of component (A) or, in cases where the adhesion-imparting agent (B) includes vinyl groups, the combined amount of
components (A) and (B). At an organic peroxide content below the lower limit of this range, curing is inadequate, as a
result of which a sufficient sheet strength may not be obtained or oil bleeding may be promoted. At a content in excess
of the upper limit of this range, the sheet may become brittle or foaming may arise.

[0051] The non-spherical thermally conductive filler (D) included in the thermally conductive silicone composition of
the present invention may be one that is commonly used, examples of which include non-magnetic metals such as
copper and aluminum; metal oxides such as alumina, silica, magnesia, red iron oxide, beryllia, titania and zirconia; metal
nitrides such as aluminum nitride, silicon nitride and boron nitride; metal hydroxides such as aluminum hydroxide and
magnesium hydroxide; synthetic diamond and silicon carbide. These may be used singly or two or more may be used
in combination.

[0052] The non-spherical thermally conductive filler has a DOP oil absorption of 80 mL/100 g or less, preferably 60
mL/100 g or less. When the DOP oil absorption exceeds this upper limit, the ability of the thermally conductive filler to
be loaded into the organosilicon compound component decreases, the flowability during coating is lost and the smooth-
ness of the sheet surface is compromised, leading to a rise in thermal resistance. Also, a high loading of the thermally
conductive filler becomes difficult to achieve, which is disadvantageous in terms of heat conductivity. The DOP oil
absorption is preferably at least 10 mL/100 g. The DOP oil absorption is the amount of oil (di-2-ethylhexyl phthalate)
that is needed to achieve a stiff, putty-like state when the thermally conductive filler is worked together with the oil.
[0053] The non-spherical thermally conductive filler has an amount of particles at least 45 um in size that is preferably
from 0 to 0.5 wt%, and more preferably from 0 to 0.2 wt%, and has an amount of particles at least 75 um in size that is
preferably from 0 to 0.01 wt%, and more preferably 0 wt%. At an amount of particles at least 45 um in size and an
amount of particles at least 75 um in size which exceed these limits, when a thermally conductive sheet is obtained by
coating the thermally conductive silicone composition, the thermally conductive filler may protrude from the surface of
the applied film, compromising the smoothness of the sheet surface. This invites a rise in the contact thermal resistance
at the time of device packaging, which is disadvantageous in terms of heat conductivity.

[0054] The amount of particles at least 45 um in size and the amount of particles at least 75 wm in size within the non-
spherical thermally conductive filler are determined in the following way. Ten grams of the thermally conductive filler is
sampled and then placed in a given amount of water and ultrasonically dispersed. Screens with opening sizes of 45 um
and 75 pm are placed on top of one another and set in a sieve shaker, and the thermally conductive filler dispersed in
water is charged into the sieve shaker. The thermally conductive filler remaining on each screen is dried and weighed.
[0055] Taking into overall account such considerations as heat conductivity, electrical insulating properties, specific
gravity, fire retardance and cost, the non-spherical thermally conductive filler is preferably aluminum hydroxide. In par-
ticular, when the non-spherical thermally conductive filler is composed of:
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(1) an aluminum hydroxide powder having an average particle size of from 5 to 14 wm, preferably at least 5 pm and
less than 12 um, an amount of particles at least 45 um in size of from 0 to 0.5 wt%, preferably from 0 to 0.2 wt%,
an amount of particles at least 75 um in size of from 0 to 0.1 wt%, preferably 0 wt%, and a DOP oil absorption of
50 mL/100 g or less, preferably 40 mL/100 g or less, and

(2) an aluminum hydroxide powder having an average particle size of from 0.5 to 3 uwm, preferably at least 0.5 pm
and less than 2 pum, an amount of particles at least 45 um in size of from 0 to 0.5 wt%, preferably from 0 to 0.2 wt%,
an amount of particles at least 75 um in size of from 0 to 0.1 wt%, preferably 0 wt%, and a DOP oil absorption of
80 mL/100 g or less, preferably 60 mL/100 g or less,

with the amount of component (1) per 100 parts by weight of the organosilicon compound component being from 100
to 500 parts by weight, preferably from 150 to 400 parts by weight, the amount of component (2) per 100 parts by weight
of the organosilicon compound component being from 50 to 400 parts by weight, preferably from 80 to 300 parts by
weight (the sum of the non-spherical thermally conductive fillers being as described above), and component (1) accounting
for preferably at least 40 wt%, more preferably at least 50 wt%, of the total amount of the non-spherical thermally
conductive filler, it is possible to attain a high loading of the thermally conductive filler in the silicone resin without a loss
of flowability during coating, enabling the surface of the thermally conductive sheet that is formed to be made even
smoother while achieving a high thermal conductivity.

[0056] The average particle size in this invention is a volume-based value determined using the Microtrac MT-3300EX
(Nikkiso Co., Ltd.), a laser diffraction scattering-type particle size analyzer.

[0057] The content of the non-spherical thermally conductive filler (D) in the thermally conductive silicone composition
is from 250 to 600 parts by weight, preferably from 300 to 570 parts by weight, and more preferably from 350 to 550
parts by weight, per 100 parts by weight of the organosilicon compound components. At a content of the non-spherical
thermally conductive filler below this lower limit, sufficient heat conductivity is not obtained. At a content in excess of
this upper limit, loading of the filler into the silicone becomes difficult. Even when such loading is possible, the thermally
conductive fillerbecomes too dense, leading to, when a thermally conductive sheetis obtained by coating the composition,
a loss of smoothness of the sheet surface and a rise in thermal resistance.

[0058] Here, "organosilicon compound components" refers to the above component (A), component (B) when it is a
silicon compound and, where present, the subsequently described component (E), the subsequently described compo-
nent (F) and the organohydrogenpolysiloxane serving as the above-described curing agent (C). "Total amount of orga-
nosilicon compound components" refers to the sum of the amount of the above-described component (A), component
(B) when it is a silicone compound and, where present, the subsequently described component (E), the subsequently
described component (F) and the organohydrogenpolysiloxane serving as the above-described curing agent (C).
[0059] The thermally conductive silicone composition of the invention may additionally include component (E). Com-
ponent (E) is one or more selected from components (E1) and (E2) below. Component (E) improves the wettability of
the non-spherical thermally conductive filler (D) and makes it easier to load the thermally conductive filler into the
organosilicon compound components, thereby enabling the content of the thermally conductive filler to be increased.
[0060] Component (E1) is an alkoxysilane of general formula (2) below.

szR3cSi(OR4)4-b-c (2)

(wherein each R2 is independently an alkyl group of 6 to 15 carbon atoms, each R3 is independently a substituted or
unsubstituted monovalent hydrocarbon group of 1 to 12 carbon atoms, each R4 is independently an alkyl group of 1 to
6 carbon atoms, b is an integer from 1 to 3, cis 0, 1 or 2, and the sum b+c is from 1 to 3).

[0061] In formula (2), the alkyl group represented as R2 is exemplified by hexyl, octyl, nonyl, decyl, dodecyl and
tetradecyl groups. By having the number of carbon atoms on this alkyl group represented by R2 be from 6 to 15, the
wettability of the non-spherical thermally conductive filler (D) increases sufficiently, making it easy to load the thermally
conductive filler into the thermally conductive silicone composition, in addition to which the low-temperature properties
of the composition improve.

[0062] The substituted or unsubstituted monovalent hydrocarbon group of 1 to 12 carbon atoms represented by R3 is
exemplified by alkyl groups such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl, neopentyl, hexyl,
heptyl, octyl, nonyl, decyl and dodecyl groups; cycloalkyl groups such as cyclopentyl, cyclohexyl and cycloheptyl groups;
aryl groups such as phenyl, tolyl, xylyl, naphthyl and biphenylyl groups; aralkyl groups such as benzyl, phenylethyl,
phenylpropyl and methylbenzyl groups; and any of these groups in which some or all hydrogen atoms are substituted
with halogen atoms such as fluorine, chlorine or bromine or with cyano groups, illustrative examples of which include
chloromethyl, 2-bromoethyl, 3-chloropropyl, 3,3,3-trifluoropropyl, chlorophenyl, fluorophenyl, cyanoethyl and
3,3,4,4,5,5,6,6,6-nonafluorohexyl groups. R3 is preferably a monovalent hydrocarbon group of 1 to 10 carbon atoms,
and more preferably 1 to 6 carbon atoms, that has no aliphatic unsaturated bonds. Substituted or unsubstituted alkyl
groups of 1to 3 carbon atoms such as methyl, ethyl, propyl, chloromethyl, bromoethyl, 3,3,3-trifluoropropyl and cyanoethyl
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groups, and substituted or unsubstituted phenyl groups such as phenyl, chlorophenyl and fluorophenyl groups are
especially preferred. R3 contains no epoxy substituents and alkoxy substituents.

[0063] The alkyl group represented by R4 is exemplified by alkyl groups of 1 to 6 carbon atoms, such as methyl, ethyl,
propyl, butyl, pentyl and hexyl groups.

[0064] Component (E2) is a dimethylpolysiloxane of general formula (3) below

[Chem. 13]
e

HsC sls,ic:) Si(OR%), (3)
CHg /4

(wherein each RS is independently an alkyl group of 1 to 6 carbon atoms, and d is an integer from 5 to 100, preferably
from 10 to 50) which is capped at one end of the molecular chain with a trialkoxysilyl group.

[0065] The alkyl group represented by RS is exemplified in the same way as the alkyl group represented by R4 in
formula (2).

[0066] When component (E) is included, the content thereof is preferably from 0.01 to 30 wt%, and more preferably
from 5 to 20 wt%, of the total amount of organosilicon compound components. At a content below this lower limit, it may
be difficult to load the non-spherical thermally conductive filler (D) into the organosilicon compound components. At a
content in excess of this upper limit, the strength of the resulting cured product may be inadequate.

[0067] The thermally conductive silicone composition of the invention may additionally include the plasticizer (F)
described below. Component (F) is preferably a dimethylsiloxane of formula (4) below

[Chem. 14]

(I:H3 (I:HS CHj3
H3C—S|i—0 E‘ii~0 Si—CHj4 (4)
CH; CH; /e CH,

(wherein e is an integer from 5 to 500, preferably an integer from 50 to 400).

[0068] When component (F) is included, the content thereof is preferably from 0.5 to 20 wt%, and more preferably
from 1 to 15 wt%, of the total amount of the organosilicon compound components. At a content below this lower limit,
the sheet may have a higher hardness and become brittle. At a content in excess of this upper limit, a sufficient sheet
strength may not be obtained or oil bleeding may be promoted.

[0069] The thermally conductive silicone composition can be prepared as follows. Components (A) and (D), along
with components (E) and (F) when these are included, are mixed using a mixer such as a kneader, a Banbury mixer, a
planetary mixer or a Shinagawa mixer while optionally heating at a temperature of 100°C or more. In this mixing step,
reinforcing silicas such as fumed silica and precipitated silica, silicone oils, silicone wetting agents, and flame retardants
such as platinum, titanium oxide and benzotriazole may be added where desired within ranges that do not compromise
the heat-conducting performance. The uniform mixture obtained in the mixing step is cooled to room temperature,
following which it is filtered by being passed through a strainer or the like. Next, using a two-roll mill, a Shinagawa mixer
or the like, the required amounts of adhesion-imparting agent (B) and curing agent (C) are added to this mixture, and
mixing is again carried out. In this second mixing step, if desired, an acetylene compound-type addition reaction regulator
such as 1-ethynyl-1-cyclohexanol, a colorant such as an organic pigment or an inorganic pigment, a heat resistance
improver such as iron oxide or cerium oxide, and an internal mold release agent may be added. The thermally conductive
silicone composition thus obtained may be directly furnished to the next step as a coating material, although a solvent
such as toluene may also be added if necessary.

[0070] In curing via an addition reaction, the curing conditions for this thermally conductive silicone composition are
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preferably set to from 80 to 180°C, especially from 100 to 160°C, for a period of from 30 seconds to 20 minutes, especially
from 1 to 10 minutes. In curing with an organic peroxide, the conditions are preferably set to from 100 to 180°C, especially
from 110 to 170°C, for a period of from 30 seconds to 20 minutes, especially from 1 to 10 minutes.

[0071] The cured form of the thermally conductive silicone composition has a thermal conductivity of preferably at
least 1.2 W/m-K, more preferably at least 1.5 W/m-K, and even more preferably at least 1.7 W/m-K. The thermal con-
ductivity can be measured using the TPS-2500S from Kyoto Electronics Manufacturing Co., Ltd.

[0072] The thermally conductive sheet of the invention has a cured layer of the above thermally conductive silicone
composition (thermally conductive cured layer) on one or both sides of a synthetic resin film layer.

[0073] As subsequently described, the thermally conductive sheet is obtained by coating and curing the thermally
conductive silicone composition on one or both sides of a synthetic resin film layer. Such coating is carried out such that
the thickness of the layer of cured composition after it has cured is preferably at least 40 um and not more than 400
pm, and more preferably at least 50 wm and not more than 300 um. When the thickness of the cured layer is too small,
the thermally conductive filler included therein protrudes, which may compromise the smoothness at the surface of the
thermally conductive cured layer. When the thickness is too large, the thermally conductive sheet may end up having a
high thermal resistance. When a cured layer of the thermally conductive silicone composition is formed on both sides
of a synthetic resin film layer, the cured layers of the thermally conductive silicone composition on the two sides may
have the same thickness or may have differing thicknesses.

[0074] The thermally conductive sheet of the invention is continuously produced by coating the thermally conductive
silicone composition onto one or both sides of a synthetic resin film layer to form a thermally conductive cured layer (or
layers). The thermally conductive cured layer is formed by, for example, continuously applying the thermally conductive
silicone composition obtained as described above onto one side (referred to here as "the front side") of a synthetic resin
film using a conventional coating apparatus such as a comma coater, knife coater or kiss coater equipped with a drying
oven, a heating oven and a take-up device, subsequently drying/evaporating off the solvent, etc. and then, in the case
of curing by an addition reaction, heating at from about 80°C to about 180°C, preferably from about 100°C to about
160°C, for a period of from 30 seconds to 20 minutes, especially from 1 to 10 minutes, or, in the case of curing with a
peroxide, heating at from about 100°C to about 180°C, preferably from about 110°C to about 170°C, for a period of from
30 seconds to 20 minutes, especially from 1 to 10 minutes. When coating is carried out on both sides, the thermally
conductive sheet is obtained by forming a thermally conductive cured layer on the other side (referred to here as the
"back side") of the synthetic resin film layer as well in the same way as on the front side. Coating on the front side and
coating on the back side may be carried out at the same time. The completed thermally conductive sheet is continuously
taken up into a roll. The thermally conductive silicone compositions on the front and back sides may be mutually the
same or may be different.

[0075] The thickness of the thermally conductive sheet may be set according to the manner and purpose of use and
is not particularly limited, although it is preferably set in the range of about 55 to about 500 wm, and more preferably
about 100 to about 300 wm. In general, when this thickness is too small, the shape conformity to electronic components
worsens, and so there is a tendency for the heat conductivity to worsen. On the other hand, when the thickness is too
large, there is a tendency for the heat transfer properties to be lost. Neither situation is desirable.

[0076] It is desirable for the thermally conductive sheet thus obtained to have a dielectric breakdown voltage in air,
as measured in accordance with JIS K6249, of at least 2 kV, and more preferably atleast 4 kV. The dielectric breakdown
voltage in air is substantially proportional to the thickness of the thermally conductive sheet.

EXAMPLES
[0077] The invention is illustrated more fully below by way of Examples and Comparative Examples, although the
invention is not limited by these Examples.
[0078] The materials used in the Examples and Comparative Examples were as follows.
Component (A):
(A1) A dimethylpolysiloxane having an average degree of polymerization of 8,000 and capped at both ends
with dimethylvinyl groups
(A2) A dimethylpolysiloxane having an average degree of polymerization of 3,000 and capped at both ends
with dimethylvinyl groups
Component (B):

(B1) The silicon compound of formula (5) below
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[Chem. 15]
(CH2)3Si(OCH3)3
O N 0
C C
| | (5)
AN
H,C=HCH,C ¢\

I (CHy)3Si(OCH3);
0
(B2) The silicon compound of formula (6) below
[Chem. 16]
H CH
Ny ’
[
H3C Of O H
Si Si
H,C—CHCH,O(CH )/ \o 0’/ CH (6)
2 \ / 2 243 \Si// 3
© N
H,C H

Component (C): 2-Methylbenzoyl peroxide
Component (D):

(D1) Irregularly shaped (non-spherical) aluminum hydroxide powder having an average particle size of 9.3 pm,
an amount of particles at least 45 um in size of 0.04 wt%, an amount of particles at least 75 um in size of 0
wt%, and a DOP oil absorption of 30 mL/100 g

(D2) Irregularly shaped (non-spherical) aluminum hydroxide powder having an average particle size of 1.3 pm,
an amount of particles at least 45 um in size of 0.06 wt%, an amount of particles at least 75 um in size of 0
wt%, and a DOP oil absorption of 50 mL/100 g

(D3) (for comparison) Irregularly shaped (non-spherical) aluminum hydroxide powder having an average particle
size of 8.2 um, an amount of particles at least 45 um in size of 0.06 wt%, an amount of particles at least 75 pm
in size of 0 wt%, and a DOP oil absorption of 90 mL/100 g

(D4) (for comparison) Irregularly shaped (non-spherical) aluminum hydroxide powder having an average particle
size of 1.2 um, an amount of particles at least 45 um in size of 0.06 wt%, an amount of particles at least 75 pm
in size of 0 wt%, and a DOP oil absorption of 130 mL/100 g

Component (E): A dimethylpolysiloxane of formula (7) below having an average degree of polymerization of 30 and
capped at one end with a trimethoxysilyl group
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[Chem. 17]

CHy /CHj \ OCHs

HsC—Si—0——Si—0

CHs CH; /39 OCH,4

Si—OCH; (7)

Component (F): A dimethylpolysiloxane of formula (8) below

[Chem. 18]
SRS

HaC SIE—O s*i;i—o Si—CHs (8)
CH3 CH3 f CH3

(wherein f = 300)
(G): A synthetic resin film

(G1) An aromatic polyimide film available under the trade name Kapton 50EN (from DuPont-Toray Co., Ltd.;
12.5 um)

(G2) Athermally conductive aromatic polyimide film available under the trade name Kapton 150MT (from DuPont-
Toray Co., Ltd.; 37.5 um)

EXAMPLES 1 TO 4 AND COMPARATIVE EXAMPLES 1 TO 3

Preparation of Thermally Conductive Silicone Compositions

[0079] Thermally Conductive Silicone Compositions (a) to (e) were prepared by charging the ingredients in the amounts
(parts by weight) shown in Table 1 into a Banbury mixer and mixing for 20 minutes.

[0080] The thermal conductivities of the resulting thermally conductive silicone compositions when cured were meas-
ured by the following methods. The results are shown in Table 1.

Thermal Conductivity

[0081] Usinga 60 mm X 60 mm X 6 mm mold, the resulting silicone composition was pressed at 160°C for 10 minutes
under a pressure adjusted such that the thickness after curing becomes 6 mm, and was cured as a 6 mm-thick sheet.
Using a thermal conductivity meter (available under the trade name TPS-2500S from Kyoto Electronics Manufacturing
Co., Ltd.), the probe was inserted between two such sheets and the thermal conductivity of the sheets was measured.

Table 1
Composition
Ingredients (pbw)
@ | () | () | (@ (e)
(A1) 100 70 70 100 100
Component (A)
(A2) 0 20 20 0 0
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(continued)
Composition
Ingredients (pbw)
@ | () | (¢ | (@ (e)

(B1) 10 0 0 0 10
Component (B)

(B2) 0 8 8 0 0
Component (C) 10 10 10 20 10

(D1) 315 | 350 0 100 100

(D2) 135 | 150 0 100 800
Component (D) (D3) (for comparison) 0 0 350 0 0

(D4) (for comparison) 0 0 150 0 0

Total amount of component (D) 450 | 500 | 500 | 200 900
Component (E) 10 10 10 10 15
Component (F) 0 10 10 0 0
Amount of component (D) (pbw) per 100 pbw of combined amount of
organosilicon compound components ((A) + (B) + (E) + (F)) 375 | 424 | 424 | 182 720

Measurement results
Thermal conductivity (W/m- K) 17 | 18 | 19 | 0 | couldnotbe
compounded

Production of Thermally Conductive Sheets

Coating onto Synthetic Resin Film

[0082] A coating material prepared by adding, to the thermally conductive silicone composition shown in Table 2 and
obtained as described above, 40 wt% of toluene (based on the weight of the composition) and mixing in a planetary
mixer was coated using a comma coater onto one side (front side) of a synthetic resin film so as to give an overall
thickness (including the thickness of the synthetic resin film) after curing of 90 wm and heated for 10 minutes at 150°C,
following which the coated film was taken up. Next, the other side (back side) of the synthetic resin film was similarly
coated so as to give a total sheet thickness after curing of 150 wm and curing was similarly carried out, following which
the coated film was taken up, thereby giving a thermally conductive sheet having an overall thickness of 150 pum.
[0083] In Comparative Example 3, coating onto the synthetic resin film was carried out as follows. The oven temper-
atures were set to, from the side closest to the comma portion, 60°C, 80°C and 80°C, and the coating rate was set to 2
m/min. By lowering the oven temperature to a temperature that vaporizes the toluene and at which decomposition of
the peroxide (C) does not occur, the product was obtained in an uncured state. This uncured product was cut to a suitable
size and, using a pressing machine, the pressure was adjusted so as to give a thickness after curing of 130 um and
pressing was carried out at 170°C for 10 minutes, giving a thermally conductive sheet.

Properties and Stability of Thermally Conductive Sheets

[0084] The thermal resistance and dielectric breakdown voltage in air of the resulting thermally conductive sheets, the
bond strength between the synthetic resin film and the cured thermally conductive silicone compositions, and the pres-
ence/absence of embrittlement following long-term high-temperature storage were measured and evaluated by the
following methods. The results are shown in Table 2.

Thermal Resistance

[0085] Measured in accordance with ASTM D5470 at 50°C and 0.69 MPa.
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Dielectric Breakdown Voltage in Air
[0086] Measured in accordance with JIS K6249.
Bond Strength between Synthetic Resin Film and Cured Layer of Thermally Conductive Silicone Composition
[0087] The bond strength was measured by carrying out a 180-degree peel test in accordance with JIS K6259. Test
specimens were prepared that had a two-layer structure obtained by applying the thermally conductive silicone compo-
sition onto the surface on one side of a 25 pum thick synthetic resin film and heat curing for 10 minutes at 150°C so as
to form a 1 mm thick cured layer of thermally conductive silicone composition.

Presence/Absence of Embrittlement after Long-Term High-Temperature Storage

[0088] The resulting thermally conductive sheet was stored 1,000 hours at 150°C, following which it was examined
for cracking when folded 180°.

Table 2
Example COEmXZ;rslive

1 2 3 4 1 2 3
Synthetic resin film (G1) | (G2) | (G1) | (G2) | (G1) | (G2) | (G2)
Composition for thermally conductive cured Frontside | (a) | (b) | (a) | (b) | (d) (c) (c)
layer Back side | (a) (b) (b) (a) (d) (c) (c)
Measurement Results
Thermal resistance (cm?2-K/W) 229 | 325 | 216 | 3.16 | 4.03 | 443 | 3.18
Dielectric breakdown voltage in air (kV) 9 14 10 15 7 13 14
Bond strength (N/cm) 20 22 18 21 2 17 22
Embrittlement (cracking when folded) no no no no no yes yes

[0089] The thermally conductive sheets of Examples 1 to 4 according to the invention were each continuously produced
by coating and taken up into a roll. As is apparent from Table 2, they exhibited a low thermal resistance and high electrical
insulating properties, and adhesion between the synthetic resin film and the cured thermally conductive silicone com-
position was good. Moreover, because embrittlement after high-temperature long-term aging did not arise, these thermally
conductive sheets had an excellent long-term reliability.

[0090] On the other hand, in the sheet in Comparative Example 1, the amount of non-spherical thermally conductive
filler (D) was lower than the range according to the invention, as a result of which the thermal resistance was high. Also,
because an adhesion-imparting agent (B) was not included, the synthetic resin film and the cured layers of thermally
conductive silicone composition ended up readily separating. In Comparative Example 2 in which D3 and D4 having
large DOP oil absorptions were used, the wettability of the non-spherical thermally conductive filler to silicone was
inadequate and the smoothness of the sheet surface during coating was compromised, resulting in an increased thermal
resistance. Moreover, embrittlement after aging was observed. The sheet in Comparative Example 3 differed from that
in Comparative Example 2 only in that the thermally conductive sheet was formed by pressing instead of by coating. By
pressing, a sheet having low thermal resistance was obtained. However, when pressing is used, the sheet cannot be
continuously produced and taken up into a roll. In addition, as in Comparative Example 2, embrittlement after aging was
observed.

[0091] In composition (e) shown in Table 1, the amount of non-spherical thermally conductive filler (D) was higher
than the range of the invention. As a result, a smooth compound was not obtained, and so coating was not carried out.

Claims

1. Athermally conductive sheet comprising an electrically insulating synthetic resin film layer and, on one or both sides
of the synthetic resin film layer, a cured layer of a thermally conductive silicone composition, wherein the thermally
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conductive silicone composition comprises an adhesion-imparting agent-containing organosilicon compound com-
ponent and a non-spherical thermally conductive filler, the thermally conductive filler being included in an amount
of from 250 to 600 parts by weight per 100 parts by weight of the organosilicon compound component and having
a DOP oil absorption of 80 mL/100 g or less.

A thermally conductive sheet of claim 1 wherein the synthetic resin used in the synthetic resin film layer has a melting
point of at least 100°C.

A thermally conductive sheet of claim 1 or 2 wherein the synthetic resin used in the synthetic resin film layer is an
aromatic polyimide, a polyamide, a polyamide-imide, a polyester, a polyolefin, an aromatic polyether, a fluoropolymer,
or a combination of two or more of these.

A thermally conductive sheet of any one of claims 1 to 3 wherein the adhesion-imparting agent in the thermally
conductive silicone composition is a silicon compound-based adhesion-imparting agent having epoxy group and/or

alkoxy group, and also having at least one group selected from vinyl group and a group of the formula Si-H.

A thermally conductive sheet of claim 4 wherein the adhesion-imparting agent is selected from silicon compounds
of the following formulae.

[Chem. 1]

/N
HZC\-—/CHCHZO(CH2)3 O .
O Si
7\

[Chem. 2]
CH CH CH

oL LN (TN [T
(CH3)3SiO \?!O SiO SiO

I |
H Z)\CH;;, Zs (CH,)3;0CH,CH—CH
\/ ’

Si(CHa)s
)
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[Chem. 3]

H Ot
Si
H.C O/ \0 (CH,),Si(OCH
3 \S./ \S-/ 2)2Si( 3)3
i [
/ /N
H
D\ ’/0
Si

H3C/ H

CHjy

[Chem. 4]

H\ ./CH3
Si

VRN :
H3C\ /Q 0, X(CHZ)ZSI(OCHG})IS
Si,
/
HQCWCHCHzo(CHz):;
\/

N,

Si_
0" CHs

o
.
AN

H,¢©  H

[Chem. 5]

(CHy)3Si(OCH3)3

_ ~
H,C=HCH,C c (CH2)3Si(OCH3)s

A thermally conductive sheet of any one of claims 1 to 5 wherein the non-spherical thermally conductive filler in the
thermally conductive silicone composition is aluminum hydroxide powder.

A thermally conductive sheet of claim 6 wherein the aluminum hydroxide powder comprises:
(1) from 100 to 500 parts by weight of an aluminum hydroxide powder having an average particle size of from
5to 14 wm and a DOP oil absorption of 50 mL/100 g or less, and
(2) from 50 to 400 parts by weight of an aluminum hydroxide powder having an average particle size of from

0.5to 3 wm and a DOP oil absorption of 80 mL/100 g or less;

with (1) accounting for at least 40 wt% of the overall amount of non-spherical thermally conductive filler.

21



10

15

20

25

30

35

40

45

50

55

EP 3 576 141 A1
A thermally conductive sheet of any one of claims 1 to 7 wherein in the non-spherical thermally conductive filler in
the thermally conductive silicone composition, the amount of particles at least 45 um in size is from 0 to 0.5 wt%

and the amount of particles at least 75 um in size is from 0 to 0.01 wt%.

A thermally conductive sheet of any one of claims 1 to 8 wherein the organosilicon compound component in the
thermally conductive silicone composition comprises:

(A) organopolysiloxane of average compositional formula (1) below
R1,8i04.a)2 (1
(wherein each R independently is a substituted or unsubstituted monovalent hydrocarbon group of 1 to 10

carbon atoms, and the subscript 'a’ is from 1.90 to 2.05) which has at least two silicon-bonded alkenyl groups
per molecule.

10. Athermally conductive sheet of claim 9 wherein the organosilicon compound component in the thermally conductive

silicone composition further comprises
(E) from 0.01 to 30 wt%, based on the total amount of the organosilicon compound component in the thermally
conductive silicone composition, of one or more selected from:

(E1) alkoxysilanes of general formula (2) below

R2,R3Si(OR*)4..¢ )
(wherein each R2 s independently an alkyl group of 6 to 15 carbon atoms, each R3is independently a substituted
or unsubstituted monovalent hydrocarbon group of 1 to 12 carbon atoms, each R4 is independently an alkyl

group of 1 to 6 carbon atoms, b is an integer from 1 to 3, cis 0, 1 or 2, and the sum b+c is from 1 to 3), and
(E2) dimethylpolysiloxanes of general formula (3) below

[Chem. 6]
CH,
H,C——Si0O——Si(OR5%), (3)
CH3 d

(wherein each RS is independently an alkyl group of 1 to 6 carbon atoms, and d is an integer from 5 to 100) that
are capped at one end with a trialkoxysilyl group.

11. Athermally conductive sheetof claim 9 or 10 wherein the thermally conductive silicone composition further comprises,

as (C) a curing agent:

(C-1a) organohydrogenpolysiloxane in an amount such that the total amount of silicon-bonded hydrogen atoms
in the thermally conductive silicone composition, per mole of the total amount of alkenyl groups in the thermally
conductive silicone composition, falls in the range of 0.8 to 10 moles; and

(C-lb) a platinum catalyst in an amount such that the level of platinum metal in the platinum catalyst with respect
to component (A), expressed in weight units, is from 0.1 to 2,000 ppm.

12. Athermally conductive sheetof claim 9 or 10 wherein the thermally conductive silicone composition further comprises,

as (C) a curing agent:
(C-2) from 0.5 to 30 parts by weight of organic peroxide per 100 parts by weight of the total amount of vinyl group-
containing compounds in the thermally conductive silicone composition.

13. Athermally conductive sheet of any one of claims 1 to 12 wherein the electrically insulating synthetic resin film layer

has a thickness of from 5 to 90 um, the cured layer of the thermally conductive silicone composition has a thickness
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of from 40 to 400 um and the overall thermally conductive sheet has a thickness of from 55 to 500 um.

14. A thermally conductive sheet of any one of claims 1 to 13 wherein the thermally conductive silicone composition,
when cured, has a thermal conductivity of at least 1.2 W/m-K.

15. Athermally conductive sheet of any one of claims 1 to 14 which has a dielectric breakdown voltage in air, measured
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according to JIS K6249, of at least 2 kV.
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